MATERIALS AND METHODS
Sample Collection and Measurements.-The population studied inhabits the Wloclawek Reservoir, located in the lower course (between about 618 km and 675 km from the source) of the Vistula River (Fig. 1) . After completion of the Wloclawek Dam in 1970, the Wloclawek Reservoir became the largest artificial lake in Poland. Its area is about 70 km 2 , the length being 55-58 km, width 500-2500 m, maximal and mean depth 15 m and 5.5 m respectively (Glogowska, 2000) . The reservoir is not a typical ''dam reservoir'' because the retention time is only five days, and there is a total replacement of water 70 times per year. Gizinski (2000) suggests that the proper name for this kind of system is a ''run-off-river reservoir. '' Samples for the present studies were obtained in the littoral zone near the village of Murzynowo, about 200 m downstream from the Skrwa River mouth (528349N, 198319E) . The sampling station is an embayment of the reservoir, overgrown with Typha latifolia L., Phragmites australis (Cav.) Trin. ex Steud., Elodea canadensis Rich. in Michx., and Ceratophyllum demersum L. in the littoral zone. The substrate consists of sand and muddy sand, at the banks mixed with decaying reed-stems and other plant remains. In summer months the water surface is covered with Lemna minor L. and Hydrocharis morsus-ranae L. Water temperature varied from 0.48C in January to 248C in July and August. In January and February the reservoir was ice-covered. Materials were collected at least once a month from October 2001 until January 2003. Samples were taken with a fine-meshed net from the submerged plants and from the sandy bottom with decaying plant remains. Each time, 2-3 hauls were taken. Amphipods were sorted from the samples and preserved in 75% ethanol. In the laboratory the specimen's length was measured from the anterior margin of the head to the posterior margin of the telson with an ocular micrometer, to the nearest 0.5 mm.
Sex was determined by the presence of genital papillae (penes) on the male pereon VII sternite and the presence of oostegites in females. Specimens without either papillae or oostegites were considered to be juveniles. Ovigerous or pre-ovigerous females were classified according to the presence or absence of the brood pouch. In order to determine the fecundity and relationship between female size and brood size, 57 ovigerous females were examined microscopically, and the number of eggs were counted. Specimens that were suspected of having damaged brood pouches were eliminated from consideration. Egg size was examined by measuring the longest and shortest diameter of the egg with an ocular micrometer to the nearest 0.01 mm. An average of egg length and width was used as a measurement of its size (after Steele and Steele, 1969) . Three hundred eggs were measured (100 from each generation).
Statistical Analysis.-The comparison of females' and males' body sizes was done with the Student's t-test. The mean body length of individuals, except juveniles, in successive samples was tested by Student's t-test in order to identify the duration time of particular generations. Body size of ovigerous females, brood size, and size of eggs (in the second stage according to the criteria described by Skadsheim, 1982) carried by females from spring, summer, and autumn (overwintering) generations were tested by Leveane's test, F test, and post hoc Tukey's test.
RESULTS
Pontogammarus robustoides was one of the most abundant invertebrates at the study site. Associated fauna included many larvae and nymphs of insects (Odonata, Diptera, Trichoptera) and Heteroptera imagines, as well as gastropods, bivalves, and leeches. Besides P. robustoides, the other gammarid species found at the site was Dikerogammarus haemobaphes (Eichwald), frequently recorded but less abundant than the former.
The life history of Pontogammarus robustoides is illustrated by the histograms presented in Fig. 2 . The first pairs in precopula were observed as early as in March, and the last ones in September.
Pontogammarus robustoides in the Wloclawek Reservoir breeds from March/April until the first third of October, with oscillations in the intensity of reproduction. In May the recruitment of the new (spring) generation began. The population became strongly bimodal, comprising large adults (less common) and their progeny. By June the juveniles matured, and in July had their first offspring (summer generation). Individuals from the summer generation matured the same year and reproduced in August-September, being the parental generation of the overwintering generation (autumn generation).
Breeding females were abundant by April (81% of all females) and reached their peak in May, when 93% of all females were ovigerous. In June only two females were found carrying eggs (in a sample of 457 individuals). In July and early August the percentage of breeding females again increased to 68% and 57%, respectively, but later decreased to 33% by the end of August. By September/October a third peak of breeding females was reached (32% and 36% respectively) (Fig. 3) . Figure 4 illustrates the seasonal variation in the sizes of individuals in the population. The autumn (overwintering) generation died off by the end of May. Their progeny disappeared from the population in August. Specimens sampled in May were significantly larger than those sampled in June (HSD ¼ 0.000036, a ¼ 0.05, P , 0.05). A similar situation was observed when comparing the size of individuals from the beginning of August with those sampled at the end of that month (HSD ¼ 0.000036, a ¼ 0.05, P , 0.05). We cannot definitely conclude that the summer population died out at the end of October because we had only a few specimens in the sample.
The sex ratio (males to females) fluctuated considerably throughout the whole sampling period and ranged from 0.9 (March, June, July) to 2.3 (November 2002) and 3.2 (October 2002) (Fig. 5) . The high recorded values in the autumn months may be due to faster growth and overwintering males attaining earlier maturity (Hynes, 1955) . On the other hand, the lower values in June-July indicate earlier dying off of males that had overwintered. The sex ratio in December 2001 and January 2002 is difficult to interpret because of the very low number of specimens (16 and 13 respectively) in the sample.
The average body length of mature specimens was 11.15 mm and varied from 4.5 mm to 21 mm. There was no difference between sexes in the body size (t ¼ À2.385, a ¼ 0.05, P , 0.05). The smallest ovigerous females were 8.5 mm long (Fig. 2) , a size which defines the minimum size for sexual maturity of Pontogammarus robustoides.
The mean brood size for all gravid females was 64.5 (n ¼ 57) and varied from 11 to 185. The number of eggs laid was exponentially correlated with the size of the female. A plot of egg numbers against body length (Fig. 6) indicates that the number of eggs increases significantly with female length (r 2 ¼ 0.89). Females born in autumn that matured in spring after overwintering (autumn generation) were the most fecund (Table 1) , and they laid twice as many eggs as females from the spring generation (HSD ¼ 0.000107, a ¼ 0.05, P , 0.05) and four times as many as females from the summer generation (HSD ¼ 0.000107, a ¼ 0.05, P , 0.05). Overwintering females also laid the largest eggs in comparison with females born in spring and in summer (HSD ¼ 0.044715, a ¼ 0.05, P , 0.05 and HSD ¼ 0.000022, a ¼ 0.05, P , 0.05 respectively).
Autumn (overwintering) ovigerous females were the largest (compared with spring and summer ovigerous females, in both cases HSD ¼ 0.000107, a ¼ 0.05, P , 0.05); the spring females were of medium size (HSD ¼ 0.000694, a ¼ 0.05, P , 0.05), and the summer ones were the smallest.
DISCUSSION
The present study has shown that Pontogammarus robustoides in the Wloclawek Reservoir had an annual life cycle with spring, summer, and autumn (overwintering) generations. The earliest generation, in May, was produced by overwintering females in early spring; the second generation, in June-July, and the third, in August-September, were from summer and early autumn reproduction of those born in that year. Individuals born in late summer, along with autumn broods which had not matured by October, formed the next overwintering generation.
The life cycle of P. robustoides found during this study is typical of the Ponto-Caspian complex amphipods, which usually have 2-3 generations per year, each of 3-5 cohorts with mean broods of 20-50 eggs; in particular cases the number of eggs can be as high as 200 (Mordukhaï-Boltovskoï, 1949) . Only populations inhabiting heated waters reproduce all year round (Dedju, 1980; Kiticyna, 1980) . Our results are in general agreement with the data of Kasymov (1960) and Dedju (1966 Dedju ( , 1967 , the only data on Kasymov) and from Ukraine (investigated by Dedju) was recorded between March and October and was strongly correlated with water temperature. Pontogammarus robustoides from Poland also breeds continuously from March/April to October.
A similar reproductive pattern was observed by Konopacka and Jesionowska (1995) for Chaetogammarus ischnus, another invader of Ponto-Caspian origin. They showed that the life cycle of that species in Polish waters is similar to breeding period and fecundity in its place of origin.
We did not notice any significant difference in the fecundity of the Polish population in comparison with the population investigated by Kasymov (1960) . In our study the number of eggs carried by females ranged from 11 to 185. These values are quite similar to those reported by Kasymov for the population from the lower Kura River (24-201) but higher than values reported by Dedju (1966 Dedju ( , 1967 ) for a population from the Kuchurganskij Liman (20-110). Both authors found a linear relationship between female body size and brood size. However, Dedju (1967) noticed that only females of body length 10-16 mm showed this positive correlation. The largest females, 16-18 mm long, often laid fewer eggs than expected. We did not observe this with the largest females from the Wloclawek Reservoir.
We noted a diminution of the mean body length and the brood size in females from autumn through spring and to summer generations (see also Kasymov, 1960) . The overwintering generation attained the largest sizes whereas the breeding females born in spring and summer were much smaller (Table 1) .
This phenomenon was also observed by Kurandina (1975) in all Ponto-Caspian species she studied: Chaetogammarus ischnus (Stebbing), Dikerogammarus haemobaphes (Eichwald), Obesogammarus crassus (G. O. Sars), and Obesogammarus obesus (G. O. Sars). Overwintering females that reproduced in spring were the largest and most fecund. Females reproducing in autumn were the smallest, and their fecundity was the lowest. Steele and Steele (1986) suggest that many northern iteroparous invertebrates overwinter as relatively large nonbreeding adults that produce a brood of young in the spring and then die. Their offspring breed continuously at smaller sizes during the summer period. We have also observed that the overwintering individuals of P. robustoides reproduce only once in their lives (April-May) and then die (Fig. 4) . In June we did not observe any breeding specimens, and the population contained only newborn individuals. The constant presence of the juveniles in the population from May until October suggests that specimens from the spring and summer generations reproduce more than once (Fig. 2) .
Our study has shown that P. robustoides is one of the most fecund amphipod species occurring in Polish waters, especially when compared with some native species (Table  2) . Obviously this is connected with the relatively large size of the species (the biggest individuals found were 21 mm). However, females of P. robustoides lay the largest number of eggs when compared with females of the same body size of other species (Table 3) .
The traits likely to be important for the success of crustacean invaders were defined by Van der Velde et al. (2000) . According to these criteria P. robustoides shows at least five major qualities: early sexual maturity, very high fecundity, larger than most related species, euryoecious and eurytopic, that enhance it's invading potential. 
